Euthanasia of infected dogs is one of the measures adopted in Brazil to control visceral leishmaniasis (VL) in endemic areas. To detect infected dogs, animals are screened with the rapid test DPP ® Visceral Canine Leishmaniasis for detection of antibodies against K26/K39 fusion antigens of amastigotes (DPP). DPP-positives are confirmed with an immunoenzymatic assay probing soluble antigens of promastigotes (ELISA), while DPP-negatives are considered free of infection. Here, 975 dogs from an endemic region were surveyed by using DPP, ELISA and realtime PCR (qPCR) for the diagnosis of VL. When DPP-negative dogs were tested by qPCR applied in blood and lymph node aspirates, 174/887 (19·6%) were positive in at least one sample. In a second sampling using 115 cases, the DPP-negative dogs were tested by qPCR in blood, lymph node and conjunctival swab samples, and 36/79 (45·6%) were positive in at least one sample. Low-to-moderate pairwise agreement was observed between all possible pair of tests. In conclusion, the official diagnosis of VL in dogs in Brazilian endemic areas failed to accuse an expressive number of infected animals and the impact of the low accuracy of serological tests in the success of euthanasia-based measure for VL control need to be assessed.
INTRODUCTION
Visceral leishmaniasis (VL) is a global public health problem that occurs in different regions of the world such as South America, Mediterranean Europe, Africa and Asia [1, 2] .
In Brazil, VL is caused by Leishmania (Leishmania) infantum chagasi and the most common vectors are Lutzomyia longipalpis and Lutzomyia cruzi [3, 4] . The disease has spread fast in the last decade, with new cases being recorded in urban areas. In the state of São Paulo, Brazil, VL is in rapid expansion and has already been detected in more than 100 municipalities [5] .
Dogs play a key role in the epidemiological chain of VL, as they are the main urban reservoirs of the parasite [6, 7] . Therefore, the identification and culling of infected dogs is one of the legal instruments adopted to control VL by sanitary authorities in Brazil [8] making of paramount importance that the diagnostic methods of this infection have high accuracy.
Serological methods are used to identify infected dogs in official VL control programs in Brazil. However, due to the low sensitivity of serological methods, direct methods for the VL diagnosis, particularly molecular methods, have been widely studied [9, 10] .
The most widespread molecular method for the diagnosis of VL in dogs is the polymerase chain reaction (PCR). This test allows selective amplification of DNA sequences of the parasite, enabling a rapid diagnostic tool with high sensitivity and specificity [11] [12] [13] . Furthermore, PCR can be used in a large variety of biological samples, such as blood, skin biopsies, lymph node puncture and bone marrow puncture [9, 10, 14] .
The non-invasive methods are preferred because they allow easy sampling in field surveys, especially for mass screening, and have a better owner acceptance and collaboration. Among the non-invasive methods, we highlight conjunctival swab PCR. This method has been shown to be highly sensitive for the diagnosis of VL, both among symptomatic [14, 15] and asymptomatic dogs [16] .
In this work, dogs from an endemic region were surveyed by using serological tests used by the official surveillance system in Brazil for the diagnosis of VL [8] . Dogs were also tested by real-time PCR associated with the detection of the amplified product by hydrolysis probe (qPCR) to detect Leishmania spp. in blood samples, lymph node puncture and conjunctival swab.
METHODS

Sampling and ethics
The dogs were sampled from the urban perimeter of the municipality of Panorama, an endemic area for VL located in the extreme west of the state of São Paulo, Brazil (S21°21′00″ and O51°51′36″). In the year of 2012, owned dogs were surveyed by the official health system in the municipality of Panorama, by serological tests. Then, VL seropositive dogs were registered and 100 m circles in radio were mapped, taking as center of each circle the residences that contained at least one seropositive dog. The MapSource ® software (Garmin ® ), version 6.16.3 and the Quantum GIS ® software (QGIS), version 1.8.0 Lisbon, were used to plot points on a map of the municipality, thus making it possible to map the circles and dogs. Seronegative dogs resident within these circles were randomly chosen, visited again and they had biological samples collected, until completing 379 animals. Among these dogs, 321 were revisited after 6 months, and of these 321, 274 were revisited after 1 year, totaling 974 cases. This sampling was part of the methods of a study aimed at the evaluation of control measures for Canine VL, which were approved by the Ethical Committee on Animal Use of the Faculty of Veterinary Medicine and Animal Science of the University of São Paulo (process no. 2370/2011). The dogs were sampled from 2012 to 2013.
Biological samples
Aspirates of popliteal lymph node, peripheral blood and serum from all the 974 cases (sampling 1) were collected. Conjunctival swab specimens from the right eye were collected from the 274 dogs at the third visit. Then, 115 dogs were randomly selected from those 274 animals (sampling 2). Biological samples were taken at the owner's residence. No clinical data were collected from the animals. The blood collection was done aseptically in two aliquots, one of them with addition of anticoagulant (sodium citrate) and another without sodium citrate. Serum was obtained from the aliquot of blood without anticoagulant. Aspiration of the popliteal lymph node was done aseptically, after disinfection with 70% alcohol iodinated at 2·5%. The lymph node aspiration was made with the aid of syringe and needle and the punctured product was suspended in 500 µl of 0·9% NaCl solution (physiological saline) in 1·5 ml microtubes. Sterile swabs without culture medium or preservatives were used for scraping the conjunctival mucosa. The end of the swabs were cut and stored in 1·5 ml microtubes without addition of any solution. All biological samples were stored at −20°C until DNA extraction. , Hilden, Germany), using in all cases the recommended protocol for DNA extraction of blood, according to the manufacturer's protocol.
Serodiagnosis
Molecular tests
Nucleic acids from blood samples, lymph node puncture and conjunctival swab were submitted to qPCR using oligonucleotides and hydrolysis probes exactly as described elsewhere [17] . Positive and negative controls were used throughout all the experiment. In each qPCR assay, at least six negative controls and one positive control were included along with the test samples. Positive controls were extracted DNA from promastigotes of L. The samples were tested in duplicate. The amplification curves were analyzed using the LightCycler 480 SW 1·5·1 software (Roche Diagnostics Ltd, Switzerland), from calculating the maximum second derivative, in accordance with the software manual. The qPCR applied in samples of whole blood, punctured lymph nodes and conjunctival swab were, respectively, BL, LN and CS. Serological tests were DPP and ELISA.
Statistical analyzes
The agreement between two tests were calculated by Cohen's kappa coefficient (κ) [18] and McNemar test was used to verify the difference between paired proportions obtained with the diagnostic tests [19] . The interpretation of κ was performed according to Altman [20] . Cohen's κ coefficient is sensitive to the distribution of the marginal totals in 2 × 2 contingencies tables in case of bias between two raters (bias effect) or in case of unequal distribution of data across the two categories (prevalence effect). In order to estimate agreement between two tests for these cases, Byrt et al. [21] derived the formula for prevalence and bias adjusted κ (PABAK) that expresses κ in terms of bias index (BI), prevalence index (PI) and observed agreement (p o ). Thus, in addition to Cohen's κ coefficient, PABAK, 95% confidence interval of PABAK [22] , BI, PI and p o were also calculated. BI is an index of the bias between tests, and PI, an index of the differences between the overall proportion of positive and negative outputs. The higher the absolute value of either PI or HI, the higher the influence of bias and prevalence on the κ value is.
The diagnostic tests were analyzed individually or in associations. The associations of tests were performed in parallel (test 1 or 2) or in series (tests 1 and 2). The associations are explained below:
Parallel associations: cases were dogs positive by test 1 or 2 or both, while non-cases were those negative by both tests. In some cases, more than two tests were associated in parallel. In this situation, cases were animals positive by any of the tests and non-cases were those negative by all the tests.
Serial associations: cases were dogs positive by tests 1 and 2, while for any other result, the animals were considered non-cases. This is the detection criterion adopted by the official health service in the municipality of Panorama, São Paulo, SP, Brazil, to classify infected dogs using the DPP and ELISA serological tests.
For comparisons between proportions of independent samples, either Chi-squared (χ 2 ) statistic or Fisher's exact test was used. The 95% confidence interval for rates was calculated as described elsewhere [23] .
RESULTS
Among the 974 cases of sampling 1, the highest number of positives was obtained with LN, followed by ELISA, DPP and BL, with the following values: 229 (95% CI 200·3-260·7), 213 (95% CI 185·3-243·6), 87 (95% CI 69·7-107·3) and 37 (95% CI 26·1-51·0), respectively. With sampling 2 (115 dogs), the highest positivity was obtained with CS and the lowest with BL. In sampling 2, the numbers of positive dogs were: 54 by CS (95% CI 40·6-70·5), 42 by ELISA and LN (95% CI 30·3-56·8), 36 by DPP (95% CI 25·2-49·8), 22 by cCS (95% CI 13·8-33·3) and 11 by BL (95% CI 5·5-19·7). The statistics calculated for each pair of tests and the combination of tests are found in Table 1 .
In the majority of the pairwise comparisons, agreement was at most moderate and the differences between positivities were statistically significant. Excluding the differences between 20·3% and 16·4%, the differences between the other proportions were not statistically significant (P < 0·05).
In Considering the serological status of the dogs from the samplings 1 and 2 investigated with DPP and ELISA, a significant increase was observed in the number of qPCR-positive dogs in the categories (DPP+ and ELISA−), (DPP− and ELISA+) and (DPP− and ELISA−) when CS was added to the list of molecular tests (Table 2) .
DISCUSSION
In this study, specificity, sensitivity and predictive values of results of the tests were not calculated because the criteria for gold-standard definition could not be precisely established. The direct comparison between two techniques or between a technique and a set of techniques is not enough to define a gold standard situation and is not recommended by international protocols for evaluation of diagnostic techniques [24, 25] .
Under the conditions of this investigation, the serially associated serological tests were found to have low capacity for detection of Leishmania infection when compared with molecular tests, but on the other hand, they correctly classified infected animals with high frequency, that is, they appear to have high specificity. Adding CS to the association [LN or BL] increased the ability of the molecular methods to detect infected dogs among the [ELISA and DPP]-positive animals, that is, the molecular tests effectively confirmed the positives detected by serodiagnosis, indicating that [ELISA and DPP] is trustable in identifying infected animals.
On the other hand, a non-negligible number of seronegative dogs were classified as infected by molecular tests. The combination of three molecular tests in parallel significantly increased, relative to the use of only two, the number of animals classified as infected, but erroneously indicated by the serological tests as uninfected. In Brazil, one of the official measures to control VL in endemic areas is the culling of seropositive dogs [8] . However, for this extremely controversial and unpopular measure to be effective, it is necessary to maximize the accuracy of the diagnostic tests used to discriminate infected from uninfected dogs. The use of low sensitive tests may cause infected dogs to remain in the population making the program ineffective. Tests of inadequate specificity, on the other hand, may determine that false positive dogs be unnecessary eliminated. In this survey, the control program is not targeting a significant part of the dog population, even though these animals are potential sources of infection. At the sampling 1, about two in ten DPP-negative animals were infected. In the second sampling, this proportion increases to five in ten, that is, half of the seronegative animals would be from infected dogs.
It is important to identify and better understand the role of dogs as sources of infection in an endemic area according to their diagnostic status. For example, dogs identified as infected only by molecular methods appear to have a lower chance of developing the disease than serologically positive dogs, as the latter develop clinical signs more rapidly and may be more efficient sources of infection [26, 27] . Therefore, the apparent negative impact caused by the error of the serological tests on leaving infected animals in the population needs to be better assessed, since these would not necessarily be efficient sources of infection.
Regarding the clinical condition of the dogs, the capacity of the symptomatic dogs to be sources of infection of VL more efficient than the asymptomatic ones is not unanimity among researchers. While some authors have shown that asymptomatic dogs are ineffective in transmitting the agent [28] or less effective in doing so than symptomatic dogs [27] , other authors have shown that dogs of both categories have the same ability to transmit the parasite to the vector [7] . In our study, the clinical condition of the dogs was not investigated. Given the complexity of the survey, which was made through visits to owners, the clinical parameters were not properly collected. The determination of the clinical status of a dog for diagnosing VL should include blood cell counts, complete serum biochemical profile, urinalysis and an adequate profile of tests for differential diagnosis with other diseases [29] . Thus, the classification of clinical status of animals into healthy or diseased, based only on physical examinations, does not represent an acceptable approach [30] . The imprecise determination of signs such as lymphadenomegaly, hepatomegaly, splenomegaly, skin diseases could cause important biases in determining the attributes of laboratory tests for diagnosis of VL used in symptomatic and asymptomatic animals. Studies, in which the clinical parameters of the investigated animals were adequately verified, clearly show associations between positivity in diagnostic tests and the presence of clinical signs, which is not the case when the measurement of clinical data is not satisfactory [30] .
If the clinical condition of a dog is not associated to the fact that it is an efficient source of infection [7] , on the other hand, the biological sample where the parasite is detected in an infected dog seems to be determinant for this condition. Thus, the parasitism in the skin seems to have a lower correlation with the vector transmission than the parasitism in lymph nodes [7] , which shows that LN-positive dogs play relevant role in VL transmission, irrespective of their clinical or serodiagnostic status.
It is noteworthy the unsatisfactory agreement of most pairwise comparisons. Cohen's κ have been used as chance-adjusted measure of agreement between two raters, but some issues (termed 'paradoxes') related to its interpretation have been pointed out [31] . Kappa is susceptible to the distribution of the marginal totals in a pairwise comparison and the agreement between two tests might be underestimated when the frequencies of the observed event are low (first paradox or prevalence effect). Kappa may also be affected if the two tests have rather different capabilities of detecting an event (second paradox or bias effect). In order to overcome these problems, Byrt et al. [21] proposed PABAK, a statistic that depends solely on the observed agreement (PABAK = 2p o -1; where p o is the observed agreement). These authors recommend that index agreement be interpreted along with the presence of bias and/or the prevalence effect. From our data, the pairwise comparisons in sampling 1 seem to be under the effect of prevalence and PABAK is modally higher than κ.
On the contrary, in sampling 2 PABAK did not improve the estimates of agreement. From the values of BI and PI, one can infer that the prevalence effect affected the agreement between tests in sampling 1, but not in sampling 2. Prevalence of VL in sampling 2 was higher than in sampling 1 because the former is composed by the same dogs of the sampling 1, but that had been sampled 6 months to 1 year before. In consequence, dogs from sampling 2 were obviously at higher risk of VL infection than dogs of the sampling 1.
Irrespective of using either κ or PABAK, the agreement was at most moderate and the difference between test positivities was significant in most pairwise comparisons. The exception was the pairwise DPP/BL with a high value of PABAK. Despite the pairwise agreement between DPP and BL is the most influenced by prevalence effect, both techniques have low positivity. Thus, the negative agreement, i.e., the number of negatives by both tests, highly contributed to the value of PABAK. These results suggest that the different diagnostic tests indicate the presence of the infection in a complementary way. The absence of the parasite in lymph node samples does not predict the absence of the parasite in conjunctival mucosa scraping. Likewise, the absence of humoral response revealed by the serological tests in association does not predict that the parasite is absent in lymph nodes or cells obtained from mucosal scrapings. These results corroborated several others that evidenced that humoral response is not a sensitive marker of VL [32, 33] . Thus, criterion of identification of infected dogs for euthanasia-based control programs needs to be rethought.
The PCR applied in swab samples has proved to be a promising approach for the diagnosis of VL in dogs, which was confirmed in this study.
Under the conditions of this study in which asymptomatic and symptomatic dogs were not differentiated, whole blood samples did not appear to be adequate for the diagnosis of VL because none of the CS or LN-negative samples were positive for BL (sampling 2). Still, the positivity for BL was significantly lower than the other two tests. The controversial value of blood samples for the diagnosis of VL in dogs was also pointed elsewhere. Lombardo et al. [30] found positivities of 24·5% (40/163), 22·1% (36/163) and 5·5% (9/163), for qPCR directed to lymph node, conjunctival swab and whole blood, respectively. Positivity of blood samples was also lower than that of other samples such as skin, bone marrow, lymph node aspirate, oral swab and conjunctival swab [15, 33] .
It was not possible to demonstrate with statistical significance, that the positivity of qPCR in conjunctival swab samples was different from that of qPCR in lymph node aspirates, as has been reported in other studies [33] . For comparison between proportions, non-parametric statistical tests such as χ 2 or
McNemar test indicate a significant difference when the value of significance probability is less than the significance value (usually, P = 0·05), which allows one to reject the hypothesis of equivalence between positivities. However, when the value of probability of significance is higher than the value of significance, the indication is that there is no evidence to reject the hypothesis of equivalence between positivities, which is different from accepting that the proportions compared are equivalent. Therefore, by the results of the comparisons between diagnostic performance of LN and CS, it is not possible to detect difference between the positivity of both techniques. On the other hand, the κ agreement value among them is one of the lowest among all registered comparisons, which seems to indicate that LN and CS should detect the parasite at different stages of infection.
In conclusion, the protocol for official diagnosis of VL in dogs in Brazilian endemic areas failed to accuse an expressive number of infected animals. Thus, the impact of such a low accuracy over the success of euthanasia-based measure for VL control needs to be assessed. The results presented here strongly suggest that the sensitivity of CS or LN does not accredit them to be used as the only method for VL diagnosis in control programs or cross-sectional studies, but CS and LN may be associated in parallel to significantly increase the diagnostic sensitivity.
Although qPCR apparently improved the sensitivity of the VL diagnosis, one must consider the intrinsic difficulties of including molecular tests in public health services. The limitations of qPCR and other molecular techniques have to be considered. Molecular diagnosis of VL needs to be validated and consolidated by mean of kits and automation, in order to minimize variation and achieve intra and inter laboratory reproducibility. The PCR for VL diagnosis is far to be a consensus among laboratories, as a number of methods and molecular markers have been proposed by several research groups. In addition, molecular diagnosis needs for expensive facilities, including equipment, consumable items and highly skilled operators. These imply high costs, making such tests difficult to be included in public-financed programs of control, especially in developing countries.
